DURING the last 10 years the in vitro tumour model called "multicellular spheroids" has proved to be an important link between tumours in vivo and standard in vitro cell cultures. Sutherland et al. (1970) wheni introducing multicellular spheroids for the first time, showed by means of histological sections a striking morphological resemblance between multicellular spheroids and certain carcinomas in vivo. In 1977, Yuhas et al. demonstrated for 3 murine cell lines a correlation between tumour growth rate and spheroid growth rate, while no such correlation could be demonstrated between tumours and standard monolayer cultures.
Several years ago it was established that the observed resistance to y-irradiation of V79 cells exposed in spheroids compared to cells exposed as single cells (in suspension or in monolayer), could not be explained solely by the presence of a resistant hypoxic cell fraction in the spheroids (Durand & Sutherland, 1972; Dertinger & Liicke-Huhle, 1975 To see whether spheroid resistance might be valid for types of chemotherapeutic drugs other than Adriamycin, the mitotic inhibitor vincristine was chosen for the present study. While the studies referred to above were all performed with cell lines of rodent origin, a human cell line, NHIK 3025, was used here. These cells are rather sensitive to inactivation by vincristine when exposed in monolayer culture (Wibe, 1980; Wibe et al., 1978) . In order to reveal a possible change in drug sensitivity with distance from the spheroid surface, as found by Sutherland et al. (1979) (Wibe et al., 1978) .
The growth fraction is practically 1, and the cell-cycle time 18 h, in exponentially growing monolayer cultures of NHIK 3025 cells (Pettersen et al., 1977) . The plating efficiency is between 85 and 100% (Wibe & Oftebro, 1979) .
Plateau-phase populations of NHIK 3025 cells were obtained by seeding 3 x 104 cells in a 25cm2 tissue-culture flask and leaving the cells in the flask for one week except for change of medium after 3 days. When the cells were to be treated (7 days after reculturing) the bottom of the flask was covered by a confluent cell layer. The proliferation activity was then very low, as no increase in cell number could be detected from the 7th to the 8th day. This is in agreement with earlier observations of Pettersen & . The average plating efficiency of untreated plateauphase NUIK 3025 populations was 7700.
The techniques for initiating spheroid growth, as well as the cell-kinetic parameters in untreated NHIK 3025 spheroids as a function of distance from the spheroid surface, will be presented in detail later (Wibe et al., in preparation) . Briefly, the growth fraction and the mean cellcycle time were about 0 65 and 30 h, respectively, in the outer parts of the spheroid, whilst the values of these parameters were about 0-45 and 40 h in the inner region (150 ,um from the spheroid surface). Cell populations from all parts of untreated spheroids demonstrate an average plating efficiency of 6200 (Wibe & Oftebro, to be published).
Cells in multicellular spheroids or in monolayer were exposed in the culture flask for 24 h to vincristine at concentrations 4, 16, or 256 ng/ml. Attachment of spheroids to the bottom of the flask was prevented by precoating the flask with a thin layer (1 ml/25 cm2) of 1% agar.
After removal of the vincristine-containing medium at the end of the treatment, single-cell suspensions were obtained by trypsinization. To Fig. 2A shows a greater inactivation after 16 or 256 ng vincristine per ml than after the lower concentration of 4 ng/ml, when exponentially growing monolayer cultures were exposed for 24 h. In a previous report (Wibe, 1980 ) the surviving fraction after exposure to 256 ng vincristine/ml for 1 h was lower than found here ( Fig. 2A) after a 24h exposure to this concentration. This apparent discrepancy is probably due to a classical difference in experimental design which, as pointed out by Twentyman (1979) (1978) found that plateau cells were more sensitive to vincristine than exponentially growing cells. Fig. 2B shows surviving fractions after 24h exposures of NHIK 3025 cells in spheroids to 3 concentrations of vincristine. For cell populations from 5 different depths in the spheroid, single-cell surviving fractions are plotted as a function of the average distance from the spheroid surface. One can see that the surviving fractions are slightly higher for cells in the inner region than for cells in the outer parts of the spheroid. Moreover, survival values of cell populations exposed as spheroids to 16 ng/ml vincristine per ml are very close to the survival values after 4 ng/ml. When spheroids were exposed to 4 ng/ml vincristine or 16 ng/ml in the same experiment (i.e. using identical spheroids), single-cell surviving fractions in the different parts of the spheroids after the two drug concentrations were almost identical. This can be seen from Fig. 2B Although Sutherland et al. (1979) found reduced uptake of Adriamycin in spheroids, they showed explicitly that this was not the only reason for Adriamycin resistance in the inner spheroid cells, which it was suggested was due to different metabolic state of the cells, differences in the microenvironment, or the formation of different drug products.
The relatively uniform sensitivity to vincristine through all parts of the spheroid (Fig. 2B) , is interesting in view of the different sensitivity to Adriamycin of inner and outer spheroid cells observed by Sutherland et al. (1979) . The fact that all survival values in the present study were almost independent of both distance from the spheroid surface and drug concentration, and use of a very long exposure time (24 h), rules out the possibility that resistance to vincristine was entirely due to reduced penetration of vincristine through the cell mass. In work with human glioma spheroids and vinblastine (which is closely related to vincristine) Nedermann et al. (1980) showed that most of the drug could be found in the outer 100 ,um of the spheroid after a 15min exposure to this drug.
The fact that plateau-phase cells exposed in monolayer culture were even more resistant to vincristine than were cells exposed in the spheroid (Fig. 2) indicates that resting cells and/or very slowly proliferating cells constitute an extremely resistant subpopulation of cells in the spheroid. This is in accordance with the slight increment in surviving fraction with distance from the spheroid surface (Fig. 2B) as the fraction of resting cells is higher in the core than in the outer parts of the spheroids.
The observed resistance to vincristine fits well with the reported resistance of spheroid cells to lethal damage after highly different treatments as y-irradiation, hyperthermia, lymphocyte toxicity, and Adriamycin. It 
